Introduction {#S0001}
============

Non-Hodgkin's lymphoma (NHL) comprises many hematologic malignancies,[@CIT0001] originating from B lymphocytes, T lymphocytes or natural killer lymphocytes, with approximately 85--90% arising from B lymphocytes.[@CIT0002] It has been reported that 386,000 cases of NHL occurred worldwide.[@CIT0003] The incidence of NHL is 5.1 per 100,000, with a mortality rate of 2.5 per 100,000 worldwide.[@CIT0003],[@CIT0004] The American Cancer Society projected that 77,240 new cases of NHL would be diagnosed in 2020 in the USA, with 19,940 deaths occurring due to NHL during this period.[@CIT0005] The mortality rate of NHL reduced from 1970 to 2017.[@CIT0005] There were 68,500 new cases of NHL in 2016 in China, accounting for 14.9% newly diagnosed NHL worldwide, and 37,600 patients were reported to have died.[@CIT0006]

The causes of death among patients with NHL vary. It is previously reported an increased mortality in NHL, other malignant tumors, cardiac disease and pneumonia in childhood NHL survivors.[@CIT0007] Risk factors of developing NHL include organ transplantation, HIV infection and autoimmune diseases.[@CIT0008] Treatments such as radiotherapy and stem cell transplantation have been used to treat NHL but were risky since they increased the possibilities of late sequelae.[@CIT0009],[@CIT0010] This retrospective cohort study aimed to analyze the various causes of death and influencing factors for NHL to determine the most common causes, in order to provide references for clinical practice.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

This follow-up study collected data from 155 NHL patients who had exact data on the date and causes of death recorded. The eligibility criteria for patients in this study included: (1) patients were diagnosed or received treatment for NHL at the department of oncology, the First Affiliated Hospital of Zhengzhou University, from January 2006 to 2018; (2) histopathology and immunohistochemical staining were performed by the Pathology Department of The First Affiliated Hospital of Zhengzhou University to ensure the diagnosis. The exclusion criteria included: (1) patients lost to follow-up or still alive; (2) the lack of date or cause of death. The death data were collected and recorded via telephonic follow-up or by reviewing medical records by a specially assigned staff member.

The following clinical data were retrieved from the hospital's database: sex, age, date of diagnosis, international prognostic index (IPI), Eastern Cooperative Oncology Group (ECOG) performance score, lymphoma subtype, disease stage, the occurrence of B symptoms. All patients were staged according to the Ann Arbor staging system. B symptoms were defined as unexplained fever with a temperature \>38°C for three consecutive days, drenching night sweats, and/or unexplained weight loss exceeding 10% of the baseline value. IPI score based on age, tumor stage, LDH, performance status, and number of extranodal disease sites from International Non-Hodgkin's Lymphoma Prognostic Factors Project.[@CIT0011] The ECOG score was used to evaluate performance status.

Outcome Ascertainment {#S0002-S2002}
---------------------

We described the distributions of major causes of death in patients diagnosed with NHL. The study analyzed the primary cause but not the direct cause. All causes of death were categorized into NHL-specific and non-NHL specific causes, with the latter one being further classified into (1) infectious and parasitic diseases, (2) diseases of the circulatory system, (3) diseases of the respiratory system, and (4) other causes. NHL-specific causes included progress, relapse and complication of NHL according to the medical history. Classification was based on the International Classification of Diseases (ICD-10).

Statistical Analysis {#S0002-S2003}
--------------------

Distributions of patients were grouped by basic clinical information listed above. Overall survival (OS) was defined as the period from clinical diagnosis to death. The Log rank test was performed on groups divided by sex, Ann Arbor stage, date of diagnosis, age at diagnosis, B symptom, NHL type, IPI score, and ECOG score. Survival curves were drawn using the Kaplan--Meier method. All statistical analyses except the competing-risks regression were performed using SPSS Statistics for Windows, version 21 (IBM Corp., Armonk, NY, USA).

Potential confounding bias may exist in this reptrospective study, so events were analyzed via a competing-risks regression model using STATA 15 (StataCorp LLC, College Station, TX, USA). When we analysed NHL-specific mortality, causes except NHL were set as the competing events. Risks were showed by cause-specific sub-hazard ratios (SHR) and cumulative incidence function (CIF).[@CIT0012],[@CIT0013] We also calculated the SHRs of NHL-specific and non-NHL causes mortality respectively, for NHL type, sex, B symptoms, ECOG score, IPI score, Ann Arbor stage, age at diagnosis, and date of diagnosis. Statistical significance was defined as *P* \< 0.05.

Results {#S0003}
=======

Distribution of Patients {#S0003-S2001}
------------------------

This study included 155 participants who died during the follow-up period. All patients were Asian. The average age was 54.8±17.15, range from 12 to 85 years old. The mean duration from diagnosis until death was 14.000±1.243 months. Except for 8 patients who abandoned treatment, others all received chemotherapy in our department. All the patients were categorized according to sex, Ann Arbor Stage, date of diagnosis, age at diagnosis, B symptom, NHL type, IPI score and ECOG ([Table 1](#T0001){ref-type="table"}).Table 1Distributions of Characteristics of Patients Diagnosed with Non-Hodgkin's LymphomaCharacteristicsN(%)CharacteristicsN(%)SexAge at Diagnosis Male8856.77 \<608353.55 Female6743.23 ≥607246.45B SymptomIPI Score Without4529.03 0--311574.19 With11070.97 4--54025.81ECOG ScoreAnn Arbor Stage 0--26038.71 I--II3623.23 3--49561.29 III--IV11976.77NHL TypeDate of Diagnosis B-9963.87 2006--20137950.97 T-5636.13 2014--20187649.03

Clinical Features {#S0003-S2002}
-----------------

Patients with B-cell lymphoma had a longer OS time than those with T-cell lymphoma (*P*=0.019, Log-rank test) ([Figure 1A](#F0001){ref-type="fig"}). Patients with B symptoms on admission had a lower survival fraction (*P*=0.014, Log-rank test) ([Figure 1B](#F0001){ref-type="fig"}). Patients with an ECOG score of 4 had a lower survival rate (*P*=0.010, Log-rank test) ([Figure 1C](#F0001){ref-type="fig"}). The median survival durations, according to IPI scores, were 15±1.786 (IPI = 0--3) and 6±1.053 (IPI = 4--5) (*P*=0.032, Log-rank test) ([Figure 1D](#F0001){ref-type="fig"}). Other variables showed no significant difference between groups. In the Cox proportional hazards regression model with NHL type, B symptoms, ECOG score and IPI score included as covariates, a significant statistics difference was found between groups (*P*\<0.001). Among them, IPI (*P*=0.028), NHL types (*P*=0.008) and B symptom (*P*=0.018) significantly related to death.Figure 1Kaplan--Meier curves for comparison of patients diagnosed with NHL according to (**A**) NHL type, (**B**) B symptom, (**C**) ECOG and (**D**) IPI.

Causes of Death {#S0003-S2003}
---------------

Mortality from NHL was the most common independent cause of death, accounting for 70.3%. The other common causes were diseases of the circulatory and respiratory systems. The results presented in [Table 2](#T0002){ref-type="table"} only include causes that were found to be significant in this study.Table 2Distribution of Causes of Death of Follow-Up in Patients Diagnosed with Non-Hodgkin's LymphomaMortality StatusN(%)Total155(100.00)Non-Hodgkin's lymphoma109(70.3)Infectious and parasitic diseases7(4.5)Diseases of the circulatory system14(9.0)Diseases of the respiratory system12(7.7)Diseases of the digestive system8(5.2)Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism2(1.3)Congenital malformations, deformations and chromosomal abnormalities1(0.6)Other cause of death2(1.3)

Competing Risk Regression {#S0003-S2004}
-------------------------

The 155 patients were divided into two groups: death attributed to NHL and death attributed to other causes ([Table 3](#T0003){ref-type="table"}). Secondly, patients were further classified into four groups: (1) infectious and parasitic diseases, (2) diseases of the circulatory system, (3) diseases of the respiratory system and (4) other causes ([Table 4](#T0004){ref-type="table"}). For patients diagnosed with T-cell lymphoma, the cumulative incidence of the death rate attributed to NHL was much higher ([Figure 2](#F0002){ref-type="fig"}). On the contrary, patients diagnosed with B-cell lymphoma had greater risks for other causes rather than NHL. A significant difference was shown between the groups that were diagnosed later than 2014 compared to their counterparts; patients in this group had a higher probability of death from other causes.Table 3Sub-Hazard Ratios of Cause-Specific Death by Competing-Risks RegressionCharacteristicDeath Attributable to NHLDeath Attributable to Other CausesSHR (95% CI)P-valueSHR (95% CI)P-valueAge (years) \<601.00 (reference)1.00 (reference) ≥601.368 (0.675, 2.773)0.3850.851 (0.551, 1.314)0.466Date of Diagnosis 2006--20131.00 (reference)1.00 (reference) 2014--20181.067 (0.580, 1.962)0.8351.408 (0.929, 2.135)0.107Sex Male1.00 (reference)1.00 (reference) Female0.836 (0.436, 1.604)0.5911.264 (0.837, 1.909)0.266ECOG 0--21.00 (reference)1.00 (reference) 3--40.832 (0.616, 1.123)0.2291.180 (0.959, 1.451)0.118IPI 0--31.00 (reference)1.00 (reference) 4--51.293 (0.588, 2.842)0.5230.946 (0.554 1.617)0.840NHL Type B-1.00 (reference)1.00 (reference) T-2.319 (1.210, 4.442)0.0110.587 (0.366, 0.944)0.028B Symptom Without1.00 (reference)1.00 (reference) With0.807 (0.419, 1.556)0.5231.337 (0.845, 2.117)0.215Stage I--II1.00 (reference)1.00 (reference) III--IV0.953 (0.672, 1.352)0.7881.051 (0.827, 1.337)0.682[^1] Table 4Sub-Hazard Ratios of Cause-Specific Death by Competing-Risks Regression of Causes Other Than Non-Hodgkin's LymphomaCharacteristicInfectious and Parasitic DiseasesDiseases of the Circulatory SystemDiseases of the Respiratory SystemOther CausesSHR (95% CI)P-valueSHR (95% CI)P-valueSHR (95% CI)P-valueSHR (95% CI)P-valueAge (years)) \<601.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference) ≥600.935 (0.650, 1.346)0.7191.206 (0.833, 1.747)0.3211.058 (0.765, 1.464)0.7320.643 (0.414, 0.998)0.049Date of Diagnosis 2006--20131.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference) 2014--20181.617 (1.130, 2.316)0.0091.548 (1.073, 2.235)0.0192.035 (1.403, 2.953)\<0.0011.931 (1.325, 2.814)0.001Sex Male1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference) Female1.017 (0.701, 1.475)0.9301.290 (0.905, 1.839)0.1601.345 (0.956, 1.894)0.0891.213 (0.845, 1.742)0.296ECOG 0--21.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference) 3--41.166 (0.980, 1.386)0.0831.152 (0.973, 1.365)0.1010.993 (0.848, 1.163)0.9321.189 (0.994, 1.424)0.059IPI 0--31.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference) 4--51.456 (0.906, 2.340)0.1201.112 (0.691, 1.788)0.6630.846 (0.529, 1.352)0.4841.365 (0.768, 2.427)0.289NHL Type B-1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference) T-0.837 (0.547, 1.280)0.4121.087 (0.748, 1.580)0.6630.873 (0.579, 1.316)0.5160.927 (0.623, 1.380)0.709B Symptom Without1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference) With1.289 (0.867, 1.917)0.2101.634 (1.054, 2.534)0.0281.127 (0.783, 1.622)0.5211.296 (0.889, 1.890)0.177Stage I--II1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference) III--IV0.890 (0.759, 1.043)0.1501.058 (0.865, 1.294)0.5851.178 (0.959, 1.448)0.1191.030 (0.848, 1.251)0.763[^2] Figure 2Cumulative incidence plot comparing NHL type in patients dead attribute to NHL.

Moreover, patients with B symptoms on admission were more likely to die of diseases of the circulatory system. Lastly, patients diagnosed at an earlier age suffered more from diseases of the digestive system and immune mechanism or other uncommon causes.

Discussion {#S0004}
==========

The age-standardized incidence rate of NHL increased from 2006 to 2016, while the mortality rate increased from 2006 to 2013 and remained stable.[@CIT0006] The age-standardized mortality rate was higher in older or male patients, and in Tibet, Hebei and Xinjiang province in China.[@CIT0006] In our study, T-cell lymphoma, B symptoms, and worse performance status (ECOG score of 4) in NHL patients were associated with a lower survival.

Patients with B-cell lymphoma had a longer survival time, in accordance with a study in primary intestinal NHL.[@CIT0014] The 5-year OS rate of patients diagnosed with B-cell lymphoma was significantly higher than that of patients diagnosed with T-cell lymphoma (71% versus 28%, p\<0.001).[@CIT0014] The efficacy of Rituximab and anti-CD20 monoclonal antibody in the treatment of B-cell lymphoma might be a possible reason for these differences.[@CIT0015]--[@CIT0017]

Patients with B symptoms had worse survival, probobaly due to abnormal endogenous cytokines.[@CIT0018] Interestingly, B symptoms were more common in men than in women and were seen primarily in patients with advanced stage NHL.[@CIT0019]

An ECOG of 3 and 4, which is considered a poor performance status, predicted worse outcomes for event-free survival (EFS) and OS in pediatric B-NHL in India.[@CIT0020] Another study showed that elevated lactate dehydrogenase levels, poor performance status, advanced stage, IPI score ≥3, conservative treatment, and high-grade histological subtype were associated with poor survival in patients with primary gastric lymphoma.[@CIT0021]

This retrospective cohort study demonstrated that the most common cause of death among patients with NHL was NHL, followed by diseases of the circulatory system and respiratory system. This finding is similar to that of previous studies that attempted to determine the cause of death in cancer patients. Zaorsky et al conducted an analysis of 28 cancers and found that patients with lung, pancreatic, and brain cancer were most likely to die of primary cancer.[@CIT0022] Väkevä et al reported that among 31 patients with cutaneous T-cell lymphomas who died during a follow-up period of 10 years, the most common causes of death were cutaneous lymphoma, coronary artery disease, and lung cancer.[@CIT0023] In our previous study on extranodal natural killer/T cell lymphoma in the USA based on the SEER program, the most common cause of death was NHL.[@CIT0024] The mortality rate of cardiovascular disease in those with NHL was 5.35 times that of the general population.[@CIT0025] A SEER-based study showed that 5.8% of NHL patients died of cardiovascular disease.[@CIT0026]

Several factors, including sex, NHL type, ECOG score, IPI score, B symptoms, age at diagnosis, stage and date of diagnosis, were analyzed for cause-specific mortality. The competing-risks regression model was constructed to evaluate the relationship between variables and cause-specific failures,[@CIT0027] the sub-distribution hazard rate of the specific causes and cumulative incidence of those causes were shown. The results showed that patients diagnosed with T-cell lymphoma are more likely to die of NHL, probably due to the subtype and treatment regimen.[@CIT0028] Thus, a risk factor for an NHL-induced death was the diagnosis of T-cell lymphoma.

In cases, in which the patients were diagnosed before 2014, the cause of death was more likely attributed to diseases of the circulatory system, respiratory system, infection and parasitic diseases, and rare causes. This is probably due to the supplement of electronic medical record data and a better follow-up system in recent years.

Limitations exist in this study. We only included patients with specific death dates and recorded causes, which may have led to selection bias. Due to the retrospective nature of the study, some information may have been missing. Moreover, this is a single-center study, which may limit the generalizability of the study due to regional or racial differences among patients. Furthermore, the number of deaths attributed to non-NHL diseases was relatively small, probably resulted in statistics deviations in uncommon causes. Lastly, autopsies information was not included because of the lack of cases.

Conclusion {#S0005}
==========

In conclusion, T-cell lymphoma, poor ECOG performance, and the presence of B symptoms were found to be the primary factors leading to a poor prognosis. This cohort study revealed that the most common cause of death among patients with NHL is NHL, followed by diseases of the circulatory and respiratory systems. Patients diagnosed with T-cell lymphoma are more likely to die of NHL rather than any other cause. In addition, NHL patients with a poor ECOG performance were more likely to die of infectious and parasitic diseases. Moreover, patients exhibiting B symptoms on admission were more likely to die of diseases of the circulatory system. More efforts should be made in implementing a comprehensive prognostic evaluation and treatment plan in preventing high-risk factors in NHL patients.
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